METHOD AND APPARATUS HAVING MULTIPLE DISPLAY DEVICES 



Field of the Invention 

The present invention relates generally to a system having multiple display 
devices, and more specifically to a system having multiple display devices in a single 
housing. 

Background of the Invention 

Currently, in the software industry one of the big concerns is the most 
efficient use of the display area that is available on a particular system. One example 
illustrated in many of the software applications being currently produced is seen in 
the changing relationship of the tertiary (i.e., secondary) areas (e.g., tools bars and 
buttons) for a particular application in comparison to the actual primary (e.g., 
viewable) area for the application. In particular, the relationship is changing such 
that the goal is to reduce the size of these tertiary areas while increasing the size of 
the primary area. For example, in a word processing application such as Microsoft® 
Word, the goal would be to reduce the tool bar and button areas (i.e. the secondary 
area) and increase the window in which the document is being edited (i.e., the 
primary area). Logically, a general increase in the size of the overall display area 
also helps to achieve this goal of increasing the viewing of the primary area for a 
particular software application. 

However, certain circumstances do not lend themselves to allowing an 
increase in the overall display area. For example, an individual using a laptop 
computer on an airplane would probably be unable to have a large display area for 
the computer due to space constraints associated with an airplane. Accordingly, 
there needs to be a compromise for maximizing display area at appropriate times of 
computer use. 

Currently, there are notebook computers with multiple display screens. 
Disadvantageous^, these notebook computers have a limited number of display 



screens or the storage of these screens are such that the screens must be stored 
separate from the computer. Accordingly, it would be desirable to improve the 
current apparatuses, systems and methods of multiple display devices. 

Summary of the Invention 

The above-mentioned shortcomings, disadvantages and problems are 
addressed by embodiments of the present invention, which will be understood by 
reading and studying the following specification. The invention describes 
apparatuses, systems and methods for multiple display devices. In one embodiment, 
a display apparatus includes a primary display device for a computer. The display 
apparatus also includes at least one secondary display device for the computer with 
the at least one secondary display device being operatively coupled to the primary 
display device. Moreover, the at least one secondary display device is stored in a 
housing behind the primary display device, such that the at least one secondary 
display device can be extended from the housing and used to display information for 
the computer. 

In another embodiment, the at least one secondary display device is held in an 
extended position with a spring loaded switch when the at least one secondary 
display device is extended from the housing. In yet another embodiment, the spring 
loaded switch provides for a transmission of a reconfiguration signal to the computer 
when the at least one secondary display device is extended from the housing. In still 
another embodiment, the at least one secondary display device is operatively coupled 
to the computer through a flat printed cable (FPC). In one embodiment, the at least 
one secondary display device and the primary display device are operatively coupled 
to the computer through a single inverter board. Still other and further aspects and 
embodiments of the present invention will become apparent by reference to the 
drawings and by reading the following detailed description. 



Brief Description of the Drawings 

Figure 1 is a perspective view of an apparatus embodiment for multiple display 
devices. 

5 Figure 2 is an internal view of a housing of the apparatus of Figure 1 . 

Figure 3 is an embodiment of a reconfiguration screen used in conjunction with 

embodiments of the present invention. 
Figure 4A is an embodiment of the apparatus of Figure 1 illustrating one 

embodiment of a connection configuration between a computer and 
10 the various display devices. 

Figure 4B is another embodiment of the apparatus of Figure 1 illustrating an 
alternative embodiment of a connection configuration between a 
Q computer and the various display devices. 

12 Figure 5 A is a perspective view of another embodiment of the apparatus of 

Ifj^ Figure 1. 

M Figure 5B is a perspective backside view of the apparatus of Figure 5 A. 

I " Figure 6A is one embodiment of the hinges of the apparatus of Figure 5A-5B. 

M Figure 6B is another view of the embodiment of the hinges of Figure 6A. 

H Figure 7 is a side view of the apparatus of Figure 1 when a secondary display 

20= device is is an extended position. 

Q Figure 8 is a side view of the apparatus of Figure 1 when a secondary display 

device is in a stored position. 
Figure 9 is a side view of the apparatus of Figure 1 when a secondary display 
device is in a stored position and the primary display device is in a 
25 closed position. 

Figure 10 is a flowchart of a method for multiple display devices according to 
one embodiment of the present invention. 
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Description of Embodiments 



The invention embodiments include systems, apparatuses and methods of 
varying scope. In addition to the embodiments, advantages and aspects of the 
invention described here, the invention also includes other embodiments, advantages 
and aspects, as will become apparent by reading and studying the drawings and the 
following description. In the following description of the exemplary embodiments, 
reference is made to the accompanying drawings that form a part hereof, and in 
which are shown by way of illustration specific embodiments in which the invention 
may be practiced. It is to be understood that other embodiments may be utilized and 
structural changes may be made without departing from the scope of the present 
invention. 

Apparatus 100 of one embodiment for multiple display devices is described 
with reference to Figure 1 . In particular, Figure 1 includes primary display device 
102, secondary display device 104, secondary display device 106, secondary display 
device 108, computer 110 and housing 112. This embodiment of computer 1 10 is a 
portable computer; however, the invention is not so limited, as additional 
embodiments for multiple display screens can be included or embodied into any 
other type of system involving display devices (e.g., a desktop computer, a laptop 
computer and the like). Moreover, Figure 1 illustrates three secondary display 
devices; however, the invention is not so limited as embodiments of the invention 
anticipate fewer than and/or more than three secondary display devices. 

In one embodiment, at least one of primary display device 102, secondary 
display device 104, secondary display device 106 and secondary display device 108 
is a liquid crystal display (LCD) screen. In another embodiment, secondary display 
device 104, secondary display device 106 and secondary display device 108 are 
stored in housing 1 12 behind primary display device 102. 

In another embodiment, housing 1 12 wherein the secondary display devices 
are stored behind primary display device 102 is illustrated in Figure 2. In reference 
to Figure 1, Figure 2 illustrates a cutaway backside view of the apparatus of Figure 1. 



In particular, Figure 2 includes primary display device 102, secondary display device 
106, housing 1 12, track 202, track 204, flat printed cable (FPC) 208, inverter board 
206, spring loaded switch 210, spring loaded switch 212 and stabilizing band 214. 
Figure 2 is limited to a single secondary display device for purposes of clarity only. 
However, it is anticipated that in alternative embodiments multiple secondary display 
devices can be stored with a same housing behind the primary display device; 
especially in view of the ever-decreasing size of the widths of display devices (e.g., 
LCD screens). Housing 112 includes tracks 202 and 204 such that secondary display 
device 106 is stored in and extended beside housing 112 while engaged with such 
tracks. In particular, Figure 2 illustrates secondary display device 106 in an extended 
position. 

Housing 1 12 also includes spring loaded switches 210 and 212 which as 
illustrated lay along tracks 202 and 204, respectively. In one embodiment, spring 
loaded switches 210 and 212 hold secondary display device 106 in the extended 
position, shown in Figure 2. Advantageously, these switches lock the secondary 
display devices in place to preclude them from sliding back into housing 1 12 until 
such time that the user of computer 110 pushes the secondary display devices back 
into storage in housing 112. Such locking may be accomplished in numerous ways, 
including but not limited to engaging slots or receptacles in the secondary display 
devices. 

Moreover in another embodiment, spring loaded switches 210 and 212 serve 
in another capacity. In this embodiment, spring loaded switches 210 and 212 are 
operatively and electrically coupled to computer 1 10 so as to allow the transmission 
of electrical signals between the two. In one such embodiment, when secondary 
display device 106 is in an extended position, spring loaded switches 210 and 212 
complete a connection to cause an electrical signal to be transmitted back to a pin of 
a hardware controller of computer 110. In one embodiment, the hardware controller 
is a video controller of computer 1 10. In another embodiment, the electrical 
coupling between spring loaded switches 210 and 212 to computer 1 10 is through a 
loop back configuration. Upon receiving this electrical signal at the connecting pin, 



the hardware controller generates an interrupt causing firmware on the controller to 
force a reconfiguration of computer 110. Advantageously, when this electrical signal 
is received by computer 1 10, computer 110 can reconfigure both its hardware and 
software systems along with primary display device 102 and the secondary display 
devices to allow for viewing across multiple display devices. 

In one such embodiment, computer 1 10 automatically reconfigures its 
software and hardware systems and the display devices without restarting (i.e., 
rebooting). In a further embodiment, computer 110 allows the computer user to 
decide how the system and display devices are to be configured. For example, this 
may be done by offering a menu on the display for choosing the desired 
configuration; one embodiment of which is illustrated in Figure 3. In particular, 
Figure 3 includes reconfiguration screen 300 which is comprised of option 302 and 
option 304. If selected, option 302 configures computer 110 and the display devices 
to provide single session/application support across multiple display devices. For 
example, if the computer user wanted to increase the viewing size of a word 
processing application such that a legal size and/or A4 size paper could be viewed at 
one time, the individual could pull a secondary display device from the top of the 
housing of the primary display device and select option 302. Accordingly, this 
would allow the computer user to increase the portrait-viewing area for a particular 
application and therefore could allow the computer user to view legal size and/or A4 
size paper at one time across the multiple display devices. Similarly in other 
embodiments, secondary display devices could be extended from the side of the 
housing of the primary display device to increase the landscape view area when 
necessary. 

If selected, option 304 of Figure 3 configures computer 110 and display 
devices to provide multiple session/application support across multiple display 
devices. In one embodiment if option 304 is selected, additional reconfiguration 
screens would be displayed to allow the computer user to select which display 
devices will display which session/application. For example, if a computer user is 
running a CAD (Computer Aided Design) application, the individual could display 



the 2-D (two-dimensional) model in one display device, the 3-D (three-dimensional) 
model in a second display device and the tools and buttons for the CAD application 
in a third display device. Advantageously, this type of set-up would allow the 
computer user to view different portions of the CAD application at one moment in 
time. In other words, the computer user would not be required to make a choice 
between which screen is to be viewed at the expense of being unable to view another. 
Moreover, additional reconfiguration options and screens to allow for other 
reconfiguration of the display devices are also within the scope of the invention. For 
example, additional reconfiguration options could be included in reconfiguration 
screen 300 of Figure 3, such as a reconfiguration option that allows the computer 
user to configure computer 1 10 to display one image across two display devices, 
while displaying a second image on a third display device. 

Embodiments of the reconfiguration screen of Figure 3 can be realized at 
least in part as one or more programs running on a computer — that is, as a program 
executed from a computer-readable medium such as a memory by a processor of a 
computer. The programs are desirably storable on a computer-readable medium such 
as a floppy disk, a Compact Disk-Read Only Memory (CD-ROM), for distribution 
and installation and execution on another (suitably equipped) computer. 

In another embodiment, secondary display device 106 is operatively coupled 
to computer 1 10 through FPC 208. FPC 208 is a flat printed cable such as the type 
used for the scanner devices of copiers or used in conjunction with the connection 
between a computer and the primary display device for a notebook computer. 
Connection of secondary display devices using a flat printed cable provides the 
advantage of allowing the secondary display devices to move along the tracks of the 
housing from the stored and extended positions. In one embodiment, secondary 
display device 106 and primary display device 104 are both operatively coupled to 
computer 110 through inverter board 206. Inverter board 206 is an inverter board 
used in conjunction with the connection of display devices with the associated 
systems, as is well known in the art. 



In one such embodiment, inverter board 206 is used by all display devices 
connecting to computer 110. One embodiment wherein FPCs connect the various 
display devices to computer 110 through inverter board is illustrated in Figure 4A. 
In reference to Figure 1, Figure 4A illustrates a cutaway backside view of an 
embodiment of apparatus 100 of Figure 1 . In particular, Figure 4A illustrates a FPC 
tree design used in connecting one FPC having multiple connectors connecting to the 
multiple display devices, and the FPC, in turn, is connected by one connector into the 
inverter board residing in the housing of the primary display device. Figure 4 A is an 
embodiment of apparatus 100. Apparatus 100 in this embodiment includes primary 
display device 102, secondary display device 104, secondary display device 106, 
secondary display device 108, computer 110, housing 112, inverter board 206, FPC 
402, connector 404, connector 406, connector 408, connector 410 and connector 412. 

Connectors 404-412 are standard multi-socket/multi-pin connectors used in 
connected flat printed cables to hardware devices, as is well known in the art. In 
particular, inverter board 206 is connected to FPC 402 through connector 404. 
Additionally, primary display device 102 is connected to FPC 402 through connector 
406, and secondary display device 104 is connected to FPC 402 through connector 
408. Similarly, secondary display device 108 is connected to FPC 402 through 
connector 410, and secondary display device 106 is connected to FPC 402 through 
connector 412. Advantageously, this configuration allows the use of a single inverter 
board as well as a single FPC to connect the multiple display devices to the 
associated computer. 

An alternative embodiment wherein FPCs connect the various display 
devices to computer 110 through inverter board 206 is illustrated in Figure 4B. In 
reference to Figure 1, Figure 4B illustrates a cutaway backside view of an 
embodiment of apparatus 100 of Figure 1 . In Figure 4B, multiple FPCs connect the 
various display devices to computer 110, such that a one-to-one relationship is 
established between the number of FPCs and the number of display devices. In other 
words for each display device, one FPC along with its associated connector is 
connected to one connector of the inverter board. In particular, Figure 4B is another 
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embodiment of apparatus 100. Apparatus 100 in this embodiment includes primary 
display device 102, secondary display device 104, secondary display device 106, 
secondary display device 108, computer 110, housing 112, inverter board 206, 
connector 414, FPC 416, connector 418, connector 420, FPC 422, connector 424, 
connector 426, FPC 428, connector 430, connector 432, FPC 434 and connector 436. 

Similar to connectors 404-412, connector 420, connector 424, connector 426, 
connector 430, connector 432 and connector 436 are standard multi-socket/multi-pin 
connectors used in connected flat printed cables to hardware devices, as is well 
known in the art. In particular, inverter board 206 having connector 414 is connected 
to primary display device 102 having connector 418 through FPC 416 using 
connector 414 and connector 418. Similarly, inverter board 206 having connector 
420 is connected to secondary display device 104 having connector 424 through FPC 
422 using connector 420 and connector 424. Additionally, inverter board 206 having 
connector 426 is connected to secondary display device 108 having connector 430 
through FPC 428 using connector 426 and connector 430. Inverter board 206 having 
connector 432 is also connected to secondary display device 106 having connector 
436 through FPC 434 using connector 432 and connector 436. Advantageously, this 
configuration allows the use of a single inverter board to connect the multiple display 
devices to the associated computer. Typically, an inverter board used in connection 
with display devices is limited on the distance that the board can transmit signals. 
Advantageously, the inverter board can be used in the housing of the primary display 
device in order to have signal output for both the secondary and primary display 
devices instead of requiring the use of separate video adapter cards or PCMCIA 
(Personal Computer Memory Card International Association) slots for each 
secondary display device, as illustrated in the embodiments of Figure 4A-4B. 

In one embodiment illustrated in Figure 2, secondary display device 106 is 
stabilized through stabilizing band 214. As shown in Figure 2, stabilizing band 214 
is attached to tracks 202 and 204 to provide support to secondary display device 106. 
Self-defined, this band stabilizes secondary display devices when such devices are in 
an extended position. Stabilizing band 214 is not limited to any particular type of 



material Moreover, similar stabilizing bands could be used for additional secondary 
display devices. 

Figures 5A-5B and 6A-6B illustrate additional embodiments of the invention. 
In particular, Figure 5 A is a perspective view of another embodiment of the 
apparatus of Figure 1 and Figure 5B is a perspective backside view of the apparatus 
of Figure 5A. Figures 5A-5B includes primary display device 102, computer 1 10, 
housing 112, secondary display device 104, hinges 502 and 504 and FPC cable 506. 
In this embodiment, hinges 502 and 504 are placed on the top and bottom of 
secondary display device 104, respectively, and connected to housing 112. 
Advantageously, this allows the secondary display devices to be turned to allow for 
different viewing angles. For example, if multiple computer users are using 
computer 1 10, a secondary display device could be moved to an angle to allow for 
better viewing of a particular display based on the viewing position of a particular 
computer user while allowing another computer user from a different viewing 
position to still view one of the other display devices. Figures 5 A-5B illustrate the 
use of two hinges to allow for different viewing angles for the display devices. 
However, the invention is not so limited, as it is anticipated than more or fewer 
hinges could be used in connecting secondary display device 104 to housing 112. 
Such multiple display devices could be positioned in various orientations, as 
discussed above in conjunction with Figure 1. 

Moreover, the apparatus of Figures 5A-5B includes FPC cable 506 that 
connects primary display device 102 to secondary display device 104. In particular, 
FPC cable 506 is a flat printed cable, as previously described, that allows for the 
transmission of data signals as well as power to secondary display device 104. In 
one embodiment, FPC cable 506 is insulated by surrounding FPC cable 506 with 
plastic (e.g., plastic tubing). 

In one such embodiment illustrated in Figures 6A-6B, hinges 502 and 504 are 
configured in two parts, such that a first part is connected to housing 1 12 and the 
second part is connected to secondary display device 104 for a particular hinge. In 
particular, Figures 6A-6B include primary display device 102, computer 110, 
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housing 1 12, secondary display device 104, hinge part 602, hinge part 604, hinge 
part 606 and hinge part 608. Figure 6 A illustrates secondary display device 104 
separated from housing 1 12 to clarify how hinge parts 602-608 are coupled together 
when secondary display device 104 is coupled to housing 112 and is in an extended 
position. In particular, hinge part 602 and hinge part 604 are coupled to housing 112, 
while hinge part 606 and hinge part 608 are coupled to secondary display device 104. 
Figure 6B illustrates secondary display device 104 coupled to housing 1 12 and in an 
extended position. In particular, Figure 6B illustrates how hinge parts 602-608 are 
coupled together when secondary display device 104 is in an extended position. 
Hinge part 602 is connected to hinge part 606, while hinge part 604 is connected to 
hinge part 608. Accordingly, when secondary display device 104 is in an extended 
position, the two parts of one particular hinge (e.g., hinge part 602 and hinge part 
606) are coupled together to allow for the different viewing angles as described 
above in conjunction with Figure 5. Moreover, secondary display device 104 is able 
to move to the stored position in housing 1 12 along the tracks illustrated in Figure 2. 
Additionally, it is anticipated that multiple display devices could be so hinged. 

Figures 7-9 illustrate side views for various and different embodiments of the 
apparatus of Figure 1 in an extended position, a stored position and a stored and 
closed position, respectively. In particular, Figure 7 includes primary display device 
102, computer 110, secondary display device 104 and housing 112, wherein 
secondary display device 104 is in an extended position. The components of Figure 
7 have been described in detail above in conjunction with Figures 1 and 2. 

Figure 8 illustrates an embodiment of the apparatus of Figure 1 showing 
secondary display device 104 in a stored position. In particular, Figure 8 includes 
primary display device 102, secondary display device 104, computer 1 10, housing 
1 12 and pocket door latch 802. Secondary display device 104 includes pocket door 
latch 802 which maintains secondary display device 104 in the stored position when 
the secondary display device is not being used. In this position primary display 
device 102 still operates and displays for computer 1 10. In other words, primary 
display device 102 can operate independently of the secondary display devices. 
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Moreover, pocket door latch 802 functions to allow secondary storage device 104 to 
be moved from a stored to an extended position (shown in Figure 7). In particular, a 
computer user of the apparatus illustrated in Figure 8 opens pocket door latch 802 to 
allow secondary display device 104 to be moved from the stored to the.extended 
position. Additionally, embodiments of the apparatus shown in Figure 8 can include 
a pocket door latch for each secondary display device stored in housing 112. 
Further, while door latch 802 is shown on secondary display device 104, it could also 
be implemented on housing 112. 

Figure 9 illustrates an embodiment of the apparatus of Figure 1 in what is 
termed a stored and closed position. Figure 9 includes computer 110, housing 112, 
primary display device 102, secondary display device 104 and pocket door latch 802. 
In this embodiment, housing 1 12 has been closed against computer 110 wherein the 
primary display device is not viewable. Moreover, Figure 9 illustrates that the 
secondary display devices are in a stored position and thus not viewable. While 
multiple display devices have been described in conjunction with portable or laptop 
computers, it should be understood that multiple display devices may also be used 
with a desktop computer monitor without departing from the scope of the invention. 

Previously, apparatus and system embodiments were described. In this 
section, method embodiments are described by references to a flowchart, shown in 
Figure 10. In block 1002 as previously described in conjunction with the apparatus 
and system embodiments, at least one secondary display device is stored behind the 
housing for the primary display device, wherein the at least one secondary display 
device and primary display device are operatively coupled to a computer. In block 
1004 as previously described in conjunction with the apparatus and system 
embodiments, at least one secondary display device is extended from the housing for 
the primary display device. In one such embodiment, at least one secondary display 
device is extended from the housing along tracks located in the housing. In another 
embodiment, at least one secondary display device is held in the extended position 
with a spring loaded switch. 

In block 1006 as previously described in conjunction with the apparatus and 
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system embodiments, detection occurs when at least one secondary display device is 
extended from the housing for the primary display device. In one embodiment, this 
detection is performed by spring loaded switches located in the housing for the 
primary display device. In block 1008 as previously described in conjunction with 
the apparatus and system embodiments, a reconfiguration signal is transmitted to a 
computer that is operatively coupled to the primary display device and at least one 
secondary display device. In particular, this transmission of a reconfiguration signal 
occurs when at least one secondary display device has been extended from the stored 
position. In one embodiment, a spring loaded switch is operatively and electrically 
coupled to computer 1 10 so as to allow the transmission of electrical signals between 
the two. In one such embodiment, the secondary display switch completes a 
connection to cause an electric signal to be transmitted back to a controller of 
computer 1 10 to force a reconfiguration of computer 110, both software and 
hardware. 

In block 1010 as previously described in conjunction with the apparatus and 
system embodiments, the computer is reconfigured such that the computer displays 
information in a primary display device and at least one secondary display device. In 
one such embodiment, the computer performs an automatic configuration, while in 
an alternative embodiment, the computer provides choices to the user of the 
computer on the type of reconfiguration (e.g., single or multiple monitor support). In 
block 1012 as previously described in conjunction with the apparatus and system 
embodiments, information received from a computer operatively coupled to a 
primary display device and at least one secondary display device is displayed in a 
primary display device and at least one secondary display device. 

Method and apparatus embodiments of the present invention comprise 
computer programs written for reconfiguration of the multiple display devices as 
shown in the above-described Figures. The computer programs run on a central 
processing unit of computer 110 out of main memory, and may be transferred to 
main memory from permanent storage via a disk drive when stored on removable 
media or via a network connection or modem connection when stored outside of the 
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personal computer, or via other types of computer or machine readable medium from 
which it can be read and utilized. The computer programs comprise multiple 
modules or objects to perform the method embodiments of the present invention, or 
the functions of the modules in the apparatus embodiments of the present invention. 
5 The type of computer programming languages used to write the code may vary 

between procedural code type languages to object oriented languages. The files or 
objects need not have a one to one correspondence to the modules or method steps 
described depending on the desires of the programmer. Further, the method and 
apparatus may comprise combinations of software, hardware and firmware as is well 
1 0 known to those skilled in the art. 

Although specific embodiments have been illustrated and described herein, it 
will be appreciated by those of ordinary skill in the art that any arrangement which is 
~5 calculated to achieve the same purpose may be substituted for the specific 

:= embodiments shown. This application is intended to cover any adaptations or 

ISn variations of the invention. It is intended that this invention be limited only by the 

I V following claims, and the full scope of equivalents thereof. 
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